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(54) STABILIZED AROMATIC POLYCARBONATE 

(57) The relative intensity of fluorescent light of a 
melt-polycondensed aromatic polycarbonate produced 
by the transesterification process (melt polymerization 
process) of an aromatic dihydroxy compound and a car- 
bonic acid diester in the presence of a catalyst compris- 
ing a basic nitrogen compound and/or a basic 
phosphorus compound in combination with an alkali 
metal compound is suppressed to 4.0x1 0" 3 or below at 
a wavelength of 465 nm based on a standard substance 
in a fluorescent light spectrum obtained by the excita- 
tion wavelength of 320 nm. 

An aromatic polycarbonate having good color sta- 
bility, especially good stability to the deterioration of the 
chip color during storage of the chip in air at room tem- 
perature can be produced by the present invention.. 
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Description 

Technical Field 

5 [0001 ] This invention relates to a stabilized aromatic polycarbonate, more particularly, to an aromatic polycarbonate 
having high color stability. 

Background Arts 

w [0002] Polycarbonate resin is being used in various uses in large quantity owing to its self -extinguishing nature, excel- 
lent optical characteristics, electrical characteristics and dimensional stability, good mechanical properties such as 
impact resistance and high heat-resistance, transparency, etc. 

[0003] Known processes for the production of polycarbonate resin include the direct reaction of an aromatic dihydroxy 
compound such as bisphenol A with phosgene (interfacial polymerization process) and the transesterrfication of an aro- 

15 matic dihydroxy compound such as bisphenol A with a carbonic acid diester such as diphenyl carbonate in molten state 
(melt process). Among the above processes, the transesterification of an aromatic dihydroxy compound with a carbonic 
acid diester (melt process) is expected to be promising in future since the process is free from the problem of using toxic 
phosgene and a halogen compound such as methylene chloride as a solvent in contrast to the interfacial polymerization 
process and a polycarbonate can be produced at a low cost by the process. 

20 [0004] A transesterification catalyst is used usually in the melt process for the production of a polycarbonate by trans- 
esterification reaction to improve the production efficiency ("Plastic Material Course 17, Polycarbonate", pp.48-53, The 
Nikkan Kogyo Shimbun, Ltd., Toshihisa Tachikawa, Shoichi Sakajiri). 

[0005] The preferable transesterification catalyst system is a combination of a basic nitrogen compound (also called 
a nitrogen-containing basic compound) and/or a basic phosphorus compound with an alkali metal compound which 
25 produces, in high productivity, a polycarbonate having good physical properties such as color tone, containing little 
branched structure in the polymer molecule, having good physical properties such as melt-fluidity and containing limited 
amount of foreign materials such as gel in the produced polycarbonate resin. 

[0006] However, the polycarbonate produced by melt-polymerization process has a stability problem since the poly- 
mer contains alkali metal compounds and other metallic compounds used as a transesterification catalyst. 

30 [0007] For example, there are short-term stability problems such as discoloration, lowering of molecular weight and 
generation of black foreign materials in melt-molding under heating. Long-term problems such as discoloration and low- 
ering of molecular weight in a hot environment as well as gradual lowering of mechanical properties of molded articles 
are also observed. Especially, it has problems such as susceptibility to hydrolysis of the molecular chain when its 
molded article is kept under a special condition, for example in water, especially in hot water or in steam atmosphere. 

35 [0008] For solving these problems, specifications of JP-A 4-328124 (hereunder, JP-A means "Japanese Unexamined 
Patent Publication") and JP-A 4-328156 disclosed a process for stabilizing a polycarbonate by deactivating the trans- 
esterification catalyst with an acidic compound comprising a sulfonic acid ester. 

[0009] Further, the above problems have been remarkably relieved by JP-A 8-59975 which proposes the use of a spe- 
cific sulfonic acid derivative as a catalyst deactivation agent (catalyst inactivation agent) to deactivate an alkali metal 

40 compound and/or an alkaline earth metal compound used as a component of a transesterification catalyst. 

[0010] It is already known in general that various stabilizers are usable for preventing the short-term (especially in 
molding) or long-term discoloration, molecular weight lowering, etc., of a thermoplastic resin. It is also known that single 
or combined use of various phosphorous acid ester compounds, epoxy compounds and hindered phenol compounds 
as a stabilizer is effective for the stabilization of aromatic polycarbonates. 

45 [001 1 ] However, the desired stabilization effect is difficult to attain even by using these stabilizers according to con- 
ventional formulations to an aromatic polycarbonate produced by using a transesterification catalyst containing metallic 
element. The difficulty was assumed to be caused by impurities in the polycarbonate e.g. in JP-B 7-5828 (Asahi Chem- 
ical Industry Co., Ltd.) (hereunder, JP-B means "Japanese Examined Patent Publication"), which proposed a process 
for the stabilization of an aromatic polycarbonate by using (1) a phosphorous acid mono or diester in combination with 

so (2) a hindered phenol antioxidation agent or a phosphorous acid triester in a polymer having an ionic chlorine content 
of 0.5 ppm or below. 

[0012] However, the stabilizer proposed by the above patent application is not effective, as shown in the Comparative 
Example 3 of the application, on a melt-polymerized polycarbonate produced by using bisphenol A sodium salt as a 
transesterrfication catalyst in an amount of 5 ppm in terms of sodium component based on the bisphenol A. 
55 [001 3] In contrast to the above method, the polycarbonate stabilization effect is by far remarkable in the case of using 
a catalyst deactivation agent (catalyst inactivation agent) proposed by the inventors of the present invention in JP-A 8- 
59975, especially a sulfonic acid phosphonium salt. 

[0014] With single use of an alkali metal compound catalyst as a transesterification catalyst e.g. in the transesterifi- 
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cation reaction of diphenyl carbonate (hereunder abbreviated as DPC) with bisphenol A (hereunder abbreviated as 
BPA), the reaction rate is too slow to be allowable from an industrial viewpoint when the transesterification conversion 
ratio is smaller than 50%, that is, at a stage in which a large amount of DPC having relatively low boiling point existing 
in the system makes it impossible to raise the reaction temperature. Accordingly, it is necessary to use the alkali metal 
s compound in an amount larger than 1 0x 1 0" 6 chemical equivalent based on 1 mol of BPA to achieve an industrially sig- 
nificant reaction rate. 

[0015] If such a large amount of an alkali metal compound catalyst is used, a branching component is liable to be 
generated by the transfer of polycarbonate bonding when the polymerization temperature is increased at the later stage 
of the reaction. Accordingly, a melt-polymerized polycarbonate produced by transesterification has poor fluidity corn- 
to pared with a polycarbonate produced by interfacial polymerization owing to the presence of a larger amount of such 
branching components. 

[0016] It is necessary to keep the amount of the above branching component at 0.2 mol% or below based on the 
repeating unit for producing a melt-polymerized polycarbonate having a fluidity comparable to that of a polycarbonate 
produced by interfacial polymerization. For satisfying the above condition, the amount of the alkali metal compound cat- 
15 alyst is required to be limited to 10x1 0" 6 chemical equivalent or below, more preferably 5.0x10' 6 chemical equivalent or 
below, based on 1 mol of BPA. 

[0017] Effective for suppressing the branch formation and keeping the transesterification reaction rate at an industri- 
ally advantageous level is a process in which the alkali metal compound catalyst is applied in an amount limited to 
5.0x1 0" 6 chemical equivalent/1 mol of BPA or below and combined with a basic nitrogen compound catalyst in an 
20 amount of 1 x10" 5 chemical equivalent to 5.0x1 0' 4 chemical equivalent in terms of basic nitrogen based on 1 mol of BPA. 
[0018] The stability of a polycarbonate is maintained at an extremely desirable level as shown in the above invention 
by applying to the polycarbonate produced by the above method, a sulfonic acid phosphonium salt singly or in combi- 
nation with a phosphorous acid ester compound or a phenolic antioxidant according to the process disclosed in JP-A 
8-59975. 

25 [001 9] Improved stability under a high-temperature condition as mentioned above, in other words under an acceler- 
ated condition, has been attained to a certain extent by adopting the above-mentioned various proposals. 
[0020] However, it has been found that gradual yellowing of chips and molded articles takes place when the chips or 
molded articles are stored over a long period in an open air, which is under room temperature, a low temperature con- 
dition distinct from the above high-temperature condition. The tendency is especially remarkable if the chips are stored 

so in a bright place. 

Disclosure of the Invention 

[0021 ] The present invention provides an aromatic polycarbonate having high stability to the deterioration of the color 
35 of chips stored in air at room temperature by suppressing the relative intensity of fluorescent light to 4.0x1 0' 3 or below 
and provides an aromatic polycarbonate with improved stability of the aromatic polycarbonate composition produced in 
the presence of the aforementioned combined catalyst comprising a basic nitrogen compound and/or a basic phospho- 
rus compound and an alkali metal compound, in particular, high stability to the degradation of color of the chips stored 
in air at room temperature. 

40 [0022] The inventors of the present invention provide an aromatic polycarbonate having high stability to the deterio- 
ration of the color of chips stored in air at room temperature by suppressing the relative intensity of fluorescent light 
based on a standard substance, of a fluorescent spectrum (excitation light wavelength: 320 nm) to 4.0x1 0* 3 or below at 
465 nm for an aromatic polycarbonate produced by the melt-polycondensation of an aromatic dihydroxy compound with 
a carbonic acid diester by transesterification process (melt-polymerization process) in the presence of a combined cat- 

45 alyst comprising a basic nitrogen compound and/or a basic phosphorus compound in combination with an alkali metal 
compound. 

[0023] In the present invention, the relative intensity of fluorescent light is measured by Hitachi F4500 with a 150W 
Xe lamp and a 400W photomultiplier at a slit width Ex/Em of 2.5 mm each, using a sample (concentration) of 1 mg pol- 
ymer/5ml methylene chloride with a standard substance for comparison consisting of 1.0x10" 3 mg of phenyl salicylate 

so in 1 ml of methylene chloride. 

[0024] As a result of vigorous investigation performed by the inventors of the present invention to achieve the above 
object it has been found that an aromatic polycarbonate having high stability to the deterioration of the color of chips 
stored in air at room temperature can be produced by suppressing the relative intensity of fluorescent light measured 
under the above condition to 4.0x1 0' 3 or below. 

55 [0025] The mechanism to involve the intensity of fluorescent light in the stability of a polymer is not yet clear, however, 
it is supposed that a certain component related to the fluorescent light may be involved in the deterioration of the color 
of a polymer stored in air. There has been absolutely no description in published literatures on the finding that the pol- 
ymer stability can be foreseen by such a simple parameter as the intensity of fluorescent light. The fact that the physical 
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properties of a polymer can be controlled by such a simple means has a great industrial significance. 
[0026] Use of an aromatic polycarbonate having a stability of melt viscosity of 0.5% or below is effective for suppress- 
ing the deterioration of transparency and the deterioration of mechanical properties caused by the local lowering of 
molecular weight especially that of elongation at break and /or impact strength, supposedly originating in hydrolysis 
s reaction and other side reactions occurring over a long period of use. The terminal hydroxy group concentration of 100 
eq/ton or below is also preferable from the viewpoint of prevention of discoloration, generation of foreign materials and 
lowering of molecular weight at the melt molding, or in use or in storage of the polymer at high temperature over a long 
period. 

[0027] A polycarbonate simultaneously satisfying the above two conditions with a stability of melt viscosity of 0.5% or 
w below and a terminal hydroxy group concentration of 100 eq/ton or below is especially preferable owing to the above 
physical properties being more desirably stabilized. A stability of melt viscosity exceeding 0.5% and/or a terminal 
hydroxy group concentration exceeding 1 00 eq/ton is not desirable as deterioration and/or lowering of the above phys- 
ical properties will proceed remarkably. 

[0028] For producing an aromatic polycarbonate exhibiting an intensity of fluorescent light of a specific level or below, 
is thus having suppressed thermal decomposition and mechanical decomposition of the polymer, it is preferable, as men- 
tioned below, to specify the amount of the transesterification catalyst to deactivate the transesterification catalyst by a 
catalyst deactivation agent such as a sulfonic acid derivative, to specify the ratio of hydroxy group to the total molecular 
terminals regarding the molecular terminals of the polycarbonate, to specify the stability of melt viscosity and to block 
the molecular terminals of the aromatic polycarbonate. 
20 [0029] The polymer temperature in the melt polycondensation reaction is preferably maintained constantly at 255°C 
or below to obtain an aromatic polycarbonate exhibiting an intensity of fluorescent light of a specific level or below, thus 
having suppressed thermal decomposition and mechanical decomposition of the polymer. 
[0030] Regarding the stirring behavior of the stirring blades of a polymerization vessel, it is preferable to obtain an 
aromatic polycarbonate with an intensity of fluorescent light of a specific level or below, thus having suppressed thermal 
25 decomposition and mechanical decomposition of the polymer, that the value obtained by dividing the shear rate at stir- 
ring (1/sec) of the stirring blade of the polymerization vessel by the square of the radius of the blade (cm) be controlled 
between 0.1 and 0.001 (unit: 1/secx crrr 2 ), wherein the shear rate at stirring is defined by 

shear rate at stirring (1/sec) « (circumferential speed of the blade (cm/sec))/the 
30 width of the gap between the reactor and the blade (cm)). 

[0031] Regarding the catalyst system for the production of these aromatic polycarbonates, the transesterification 
reaction can proceed in an industrially advantageous state, the generation of branched structure in a polycarbonate can 
35 be suppressed and a polycarbonate having good fluidity and color tone can be produced, by using a basic nitrogen 
compound and/or a basic phosphorus compound in combination with an alkali metal compound and limiting the amount 
of the alkali metal compound to 5.0x1 0" 6 chemical equivalent or below in terms of alkali metal based on 1 mol of bisphe- 
nol A. 

[0032] In the specification of the present patent application, the ratio of the alkali metal compound, the nitrogen-con- 
40 taining basic compound, etc., to the charged aromatic dihydroxy compound (e.g. bisphenol A) is expressed e.g. by "W 

(numerical value) chemical equivalent in terms of (alkali) metal or basic nitrogen atom based on 1 mol of an aromatic 

dihydroxy compound (e.g. bisphenol A)". This means that the amount corresponds to W mol if the number of sodium 

atom is one as in the case of sodium phenoxide or 2,2-bis(4-hydroxyphenyl)propane monosodium salt, or one basic 

nitrogen as in the case of triethylamine. 
45 [0033] The alkali metal compound to be used as the catalyst is, for example, a hydroxide, a bicarbonate, a carbonate, 

an acetate, a nitrate, a nitrite, a sulfite, a cyanate, a thiocyanate, a stearate, a borohydride, a benzoate, a hydrogen 

phosphate, a bisphenol salt or a phenol salt of alkali metals. 

[0034] Concrete examples of the compounds are sodium hydroxide, potassium hydroxide, lithium hydroxide, sodium 
bicarbonate, potassium bicarbonate, lithium bicarbonate, sodium carbonate, potassium carbonate, lithium carbonate, 

so sodium acetate, potassium acetate, lithium acetate, sodium nitrate, potassium nitrate, lithium nitrate, sodium nitrite, 
potassium nitrite, lithium nitrite, sodium sulfite, potassium sulfite, lithium sulfite, sodium cyanate, potassium cyanate, 
lithium cyanate, sodium thiocyanate, potassium thiocyanate, lithium thiocyanate, sodium stearate, potassium stearate, 
lithium stearate, sodium borohydride, potassium borohydride, lithium borohydride, sodium phenylborate, sodium ben- 
zoate, potassium benzoate, lithium benzoate, disodium hydrogen phosphate, dipotassium hydrogen phosphate, dilith- 

55 turn hydrogen phosphate, disodium salt, dipotassium salt or dilithium salt of bisphenol A, sodium salt, potassium salt or 
lithium salt of phenol, etc. 

[0035] The alkali metal compound is usable as a catalyst preferably in the range of 5x1 0" 8 to 5.0x10' 6 chemical equiv- 
alent in terms of alkali metal based on 1 mol of the aromatic dihydroxy compound. Use of the alkali metal compound in 
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an amount out of the above range is undesirable, having an adverse effect on various properties of the produced poly- 
carbonate and causing failure in producing a high molecular weight polycarbonate through insufficient progress of the 
transesterification reaction. 

[0036J Examples of the basic nitrogen compound to be used as a catalyst are ammonium hydroxides having an alkyl 
5 group, an aryl group, an alkylaryl group, etc., such as tetramethylammonium hydroxide (Me 4 NOH), tetraethylammo- 
nium hydroxide (Et 4 NOH), tetrabutylammonium hydroxide (Bu 4 NOH), benzyltrimethylammonium hydroxide 
CH 2 (Me) 3 NOH) and hexadecyrtrimethylammonium hydroxide, tertiary amines such as triethylamine.tributylamine, 
dimethylbenzylamine and hexadecyldimethylamine, and basic salts such as tetramethylammonium borohydride 
(Me 4 NBH 4 ), tetrabutylammonium borohydride (B^NBH^, tetrabutylammonium tetraphenylborate (Me 4 NBPh 4 ) and 
w tetrabutylammonium tetraphenylborate (Bu 4 NBPh 4 ). 

[0037J Concrete examples of basic phosphorus compounds are phosphonium hydroxides having an alkyl group, an 
aryl group, an alkylaryl group, etc, such as tetramethylphosphonium hydroxide (Me 4 POH), tetraethylphosphonium 
hydroxide (EtjPOH), tetrabutylphosphonium hydroxide (Bu 4 POH), benzyltrimethylphosphonium hydroxide (<|>- 
CH 2 (Me) 3 POH) and hexadecyltrimethylphosphonium hydroxide and basic salts such as tetramethylphosphonium boro- 
75 hydride (Me 4 PBH 4 ), tetrabutylphosphonium borohydride (Bu 4 PBH 4 ), tetrabutylphosphonium tetraphenylborate 
(Bu 4 PBPh 4 ) and tetramethylphosphonium tetraphenylborate (Me 4 PBPh 4 ). 

[0038] The above basic nitrogen compound and/or basic phosphorus compound are used preferably in an amount of 
1 x10* 5 to 5x10~ 4 chemical equivalent of the basic nitrogen atom and/or the basic phosphorus atom in the basic nitrogen 
compound and/or the basic phosphorus compound based on 1 mo! of the aromatic dihydroxy compound. The ratio is 
20 more preferably 2x1 0" 5 to 5x1 0" 4 chemical equivalent and especially preferably 5x1 0' 5 to 5 xl 0" 4 chemical equivalent 
on the same basis. 

[0039] In the present invention, (a) an alkali metal salt of an ate complex of a group 14 element of the periodic table 
or b) an alkali metal salt of an oxo acid of a group 1 4 element of the periodic table may be used by choice as the alkali 
metal compound for the catalyst. Here, the group 14 element of the periodic table means silicon, germanium or tin. 
25 [0040] Use of such alkali metal compound as a polycondensation reaction catalyst has an advantage of rapid and 
sufficient progress of the polycondensation reaction. Further, undesirable side reactions such as branching reaction 
during the polycondensation reaction can be suppressed to a low level. 

[0041] To be particular, the alkali metal salts (a) of the ate complex of a group 14 element of the periodic table are 
those described in JP-A 7-268091 and specific examples are germanium (Ge) compounds such as NaGe(OMe) 5 , 

30 NaGe(OEt3, NaGe(OPr) 5 , NaGe(OBu) 5 . NaGefOPh^, LiGe(OMe) 5 , LiGe(OBu) 5 and UGe(OPh) 5 . 

[0042] Examples of the tin (Sn) compounds are NaSn(OMe) 3 , NaSn(OMe) 2 (OEt), NaSn(OPr) 3 , NaSn(0-n-C 6 H 13 ) 3 , 
NaSn(OMe) 5 , NaSn(OEt) 5 , NaSn(OBu) 5 , NaSn(0-n-C 12 H 25 )5. NaSn(OEt), NaSn(OPh) 5 and NaSnBu 2 (OMe) 3 . 
[0043] Preferable examples of the alkali metal salts (b) of the oxo acid of the group 14 element of the periodic table 
are an alkali metal salt of silicic add, an alkali metal salt of stannic acid, an alkali metal salt of germanium (II) acid (ger- 

35 manous acid) and an alkali metal salt of germanium (IV) acid (germanic acid). 

[0044] The alkali metal salt of silic acid is, for example, an acidic or neutral alkali metal salt of monosilicic acid or its 
condensation product such as monosodium orthosilicate, disodium orthosilicate, trisodium orthosilicate and tetraso- 
dium orthosilicate. 

[0045J The alkali metal salt of stannic acid is an acidic or neutral alkali metal salt of monostannic acid or its conden- 
40 sation product such as disodium monostannate (Na 2 Sn0 3 - xCH 2 0, x=0 to 5) and tetrasodium monostannate 
(N^SnO^. 

[0046] The alkali metal salt of germanium (II) acid (germanous acid) is e.g. an acidic or neutral alkali metal salt of 
monogermanous acid or its condensation product such as monosodium germanite (NaHGeO^. 
[0047] The alkali metal salt of germanium (IV) acid (germanic acid) is e.g. an acidic or neutral alkali metal salt of 
45 monogermanic acid or its condensation product such as monolithium orthogermanate (LiH 3 Ge0 4 ), disodium orthoger- 
manate, tetrasodium orthogermanate, disodium dig ermanate (Na 2 Ge 2 0s), disodium tetragermanate (Na 2 Ge 4 0 9 ) and 
disodium pentagermanate (Na 2 Ge 5 0i 0- 

[0048] The amount of the above polycondensation reaction catalyst is preferably 5.0x1 0" 8 to 5.0x1 0" 6 chemical equiv- 
alent in terms of alkali metal element in the catalyst based on 1 mol of the aromatic dihydroxy compound and more pref- 
50 erably 5x10" 7 to 5x10* 6 chemical equivalent on the same basis. 

[0049] The above catalyst may be used in the polycondensation reaction of the present invention as necessary in 
combination with at least one kind of cocatalyst selected from the group consisting of oxo acids of the group 14 element 
of the periodic table and oxides of the element 

[0050] Undesirable side reactions such as branching reaction liable to occur during the polycondensation reaction, 
55 formation of foreign materials and burn mark while in an apparatus during molding can be suppressed more effectively 
without giving an adverse effect on the terminal blocking reaction and the polycondensation reaction rate, by using 
these cocatalysts at a specific ratio. 

[0051 ] The oxo acids of the group 1 4 element of the periodic table are e.g. silicic acid, stannic acid and germanic acid. 
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[0052] The oxides of the group 14 element of the periodic table are, e.g. silicon monoxide, silicon dioxide, tin monox- 
ide, tin dioxide, germanium monoxide, germanium dioxide and their condensation products. 
[0053] The cocatalysl is used preferably at a ratio wherein not more than 50 mol (atom) of the group 1 4 metallic ele- 
ment of the periodic table of the cocatalyst exists based on 1 mol (atom) of the alkali metal element in the polyconden- 
5 sation reaction catalyst. Use of the cocatalyst at a metallic element ratio exceeding 50 mol (atom) is undesirable owing 
to the lowered polycondensation reaction rate. 

[0054] More preferably, the cocatalyst is used at a ratio wherein 0.1 to 30 mol (atom) of the group 14 metallic element 
of the periodic table of the cocatalyst exists based on 1 mol (atom) of the alkali metal element in the polycondensation 
reaction catalyst 

io [0055] Use of these catalyst systems as the catalyst for the polycondensation reaction and for the terminal blocking 
reaction to be described later will have an advantage of rapid and sufficient progress of the polycondensation reaction 
and the terminal blocking reaction. Undesirable side reactions such as branching reaction during the polycondensation 
reaction can also be suppressed to a low level. 

[0056] The aromatic polycarbonate in the present invention means an aromatic polycarbonate produced from an aro- 
is matic dihydroxy compound and a carbonic acid ester as main components, or a polycondensation polymer having a 
structure expressed by the following formula (3) as a main repeating unit 



20 



25 



30 




or a direct bond.) 

[0057] In the formula, R 1 and R 2 are each, same or different a hydrogen atom, a halogen atom or a hydrocarbon group 
having a carbon number of from 1 to 12. The hydrocarbon group is preferably an aliphatic hydrocarbon group having a 
carbon number of from 1 to 12 or an aromatic hydrocarbon group having a carbon number of from 6 to 12. The halogen 

40 atom is preferably chlorine, bromine, iodine or the like. 

[0058] In the formula, the terms m and n are each, same or different a number selected from 0 and integers of 1 to 4. 
[0059] The groups R 3 and R 4 of the group A in the above formula (3) are each, same or different, a halogen atom or 
a monovalent hydrocarbon group having a carbon number of from 1 to 12. The hydrocarbon group is, for example, an 
aliphatic hydrocarbon group having a carbon number o from 1 to 12 or an aromatic hydrocarbon group having a carbon 

45 number of from 6 to 12. The halogen atom is chlorine, bromine, iodine or the like. 

[0060] The group R 5 is an alkylene group having a carbon number of from 3 to 8. Examples of the alkylene group are 
a pentylene group and a hexylene group. 

[0061 ] The aromatic dihydroxy compound is preferably a compound expressed by the following general formula (4) 




55 

(wherein R' 1 , R* R* 3 and R 4 are each independently a hydrogen atom, an alkyl group, an aralkyl group or an aryl group 
having a carbon number of from 1 to 12 or a halogen atom; W is an alkylidene group, an alkylene group, a cycloalkyli- 
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dene group, a cycloalkylene group or a phenyl-substituted alkylene group having a carbon number of from 1 to 30, an 
oxygen atom, a sulfur atom, a sulfoxide group, a sulfone group or direct bond). 

[0062] Concrete examples of the aromatic dihydroxy compound am bis(4-hydroxyphenyl)methane, 2,2-bis(4-hydrox- 
yphenyl)propane, 2,2-bis(4-hydroxy-3-methylphenyl)propane 1 4,4-bis(4-hydroxyphenyl)heptane, 2,2-bis(4-hydroxy-3,5- 
5 dichlorophenyl)propane ( 2,2-bis(4-hydroxy-3,5-dibromophenyl)propane ( bis(4-hydroxyphenyl) oxide, bis(3,5-dichloro- 
4-hydroxyphenyl) oxide, p,p f <iihydroxydiphenyl, 3,3'<Kchloro-4,4'-dihydroxydiphenyl, bis(hydroxyphenyl)su1fone, resor- 
cinol, hydroquinone, 1,4-dihydrcxy-2,5-dichlorobenzene, 1 ,4-dihydroxy-3-methylbenzene, bis(4-hydroxyphenyl)sulfide 
and bis(4-hydroxyphenyl)suIfoxide. 2 ( 2-bis(4-hydroxyphenyl)propane is especially preferable among the above exam- 
ples. 

w [0063] Concrete examples of the carbonic add ester are diphenyl carbonate, ditolyl carbonate, bis{ch!orophenyl) car- 
bonate, m-cresyl carbonate, dinaphthyl carbonate, bis(diphenyl) carbonate, dimethyl carbonate, diethyl carbonate, dib- 
utyl carbonate and dicyclohexyl carbonate. Diphenyl carbonate is especially preferable among the above examples. 
[0064] The polycarbonate of the present invention may contain the following components as required: aliphatic diols 
such as ethylene glycol, 1 ,4-butanediol, 1 ,4-cyclohexanedimethanol and 1,10<Jecanediol; dicarboxylic acids such as 

75 succinic acid, isophthalic acid, 2,6-naphthalenedicarboxylic acid, adipic acid, cyclohexanecarboxylic acid and tereph- 
thalic acid; and oxy adds such as lactic add, p-hydroxybenzoic acid and 6-hydroxy-2-naphthoic acid, etc. 
[0065] The transesterif ication catalyst is preferably deactivated with a catalyst deactivation agent (catalyst inactivation 
agent), especially preferably a sulfonic acid derivative. 

[0066] The sulfonic acid derivative to be used in the present invention is preferably a sulfonic acid salt compound, a 
20 sulfonic acid or a lower ester of a sulfonic acid, with specific structures. The compounds expressed by the following gen- 
eral formulas (I) to (IV) are preferable as the sulfonic acid salt compound. The sulfonic acid and the lower ester of sul- 
fonic acid are, for example, aromatic sulfonic adds such as benzenesulfonic add and p-toluenesulfbnic acid, aliphatic 
sulfonic acids such as dodecylsulfonic acid, hexadecylsulfonic acid and nonylsulfonic acid, or methyl benzenesulfonate, 
ethyl benzenesulfonate, butyl benzenesulfonate, octyl benzenesulfonate, phenyl benzenesulfonate, methyl p-toluensul- 
25 fonate,ethyl p-toluenesulfonate,butyl p-toluenesulfonate, octyl p-toluenesulfonate, phenyl p-toluenesulfonate, methyl 
dodecylsulfonate, ethyl hexadecylsulfonate, propyl nonylsulfonate and butyl decylsulfonate. Sulfonic acid ester com- 
pounds are preferable to simple sulfonic acids. 

[0067] The stability of melt viscosity of a polycarbonate resin can be suppressed to 0.5% or below by using the cata- 
lyst deactivation agent in an amount of 0.7 to 100 chemical equivalent, preferably 0.8 to 30 chemical equivalent further 

30 preferably 0.9 to 20 chemical equivalent and especially preferably 0.9 to 10 chemical equivalent for a sulfonic acid salt 
compound or 0.7 to 20 chemical equivalent preferably 0.8 to 1 0 chemical equivalent and more preferably 0.9 to 5 chem- 
ical equivalent for a sulfonic acid or a lower ester of a sulfonic acid compound based on 1 chemical equivalent of the 
alkali metal element of the remainig basic alkali metal compound, that is the remaining basic alkali metal compound cat- 
alyst, in a polycarbonate produced, specifically by the melt-polymerization method or solid-phase polymerization 

35 method. In the case of using a sulfonic acid or a lower ester of a sulfonic acid compound, the polycarbonate resin is 
preferably subjected to an evacuation treatment after the catalyst deactivation treatment. Any treating equipment can 
be used in the evacuation treatment independent of the type of the equipment. The evacuation treatment is not neces- 
sary in the case of using a sulfonic acid salt compound. 

[0068] The evacuation treatment can be performed with a vertical tank reactor, a horizontal tank reactor or a vented 
40 single-screw or twin-screw extruder under a vacuum of 0.05 to 60 mmHg, preferably 0.05 to 1 00 mmHg. 

[0069] The time for the evacuation treatment is 5 minutes to 3 hours for a tank reactor and about 5 seconds to 1 5 
minutes for a twin-screw extruder, and the treating temperature is 240 to 350°C. The evacuation treatment may be car- 
ried out simultaneously with the pelletization by using an extruder. The residual raw material monomer existing in the 
polymer can be decreased or completely eliminated by the above evacuation treatment. 
46 [0070] The polycarbonate resin produced by the above process has excellent moldability and retention stability and 
especially thermal and color stability and is suitable for achieving the object of the present invention. 
[0071] The aromatic polycarbonate produced by using a transesterif ication catalyst can be stabilized by this method 
and further stabilized by the combined use of a phosphorous acid compound and a hindered phenol compound. 

so Ex planation of the sulfonic ac id derivative of formulas fD to (IV) 

[0072] 

A 1 -(Y 1 -S0 3 X 1 ) m (I) 

55 

[in the formula, A 1 is an m-valent hydrocarbon group having a carbon number of from 1 to 30 which may have a substit- 
uent, Y 1 is a single bond or an oxygen atom, X 1 is a secondary or tertiary monovalent hydrocarbon group having a car- 
bon number of from 2 to 30 or 1 equivalent of metallic cation, ammonium cation or phosphonium cation, and m is an 
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10 



integer of 1 to 4. All of the X 1 groups are not 1 equivalent of metallic cation at the same time when Y 1 is a single bond], 

+X 2 -A 2 -Y 1 -S0 3 - (") 

pntheforrmjla.A 2 isadivalertr^ 

lernary ammonium cation or a secondary to quaternary phosphonium cabon. and the def.nrt.on of Y 1 .s the same as 
above], 

A 3 -( + xV(R-Y 1 -so 3 ) n 

[inthefcrmula^isann-valenth^^ 

arnary ammonium cation or a secondary to quaternary phosphonium caton R .s a monovalent "ydrc^bon group 
LnVacarb<»nun*eroffrom1^^ 

A 5 -Ad 1 -A 4 -( Ad 2 - A 5 )}; ( |v > 
[in the formula, A 5 is a monovalent or divalent hydrocarbon group having a carbon number of from 1 to 30, A 4 J a d^. 
KoXlect^ 

that when k is zero, -(Ad 2 ^ is a hydrogen atom or a bond bonding the group A 4 and the group A* (m th,s case, A is 
a divalent hydrocarbon group having a carbon number of from 1 to 30 or a single bond). 

noftjicrt ex planation of the sulfonic acid derivative Of formula (I) 
25 [0073] 

A 1 -(Y 1 -S0 3 X 1 )m (l) 

[0074] in the formula, A 1 is an nvvalent hydrocarbon goup having a carbon number of from 1 to 30 which may have 
Stuent> isasinglebond or an oxygen atom.* is a secc^ry or tertiary monovalent hydr^ 
ing a carbon number of from 2 to 30 or 1 equivalent of metallic cation, ammonium caton or P^^^f;. ^ 
mis an integer of 1 to 4. All of m X 1 groups are not 1 equivalent of metallic caton at the same tme when Y 1 is a angle 

S?5] ThesecondaryorterfaryiTK^^ 

^secondary or tertiary alKyl group having a carbon number of from 2 to 30, expressed e.g. by the fo«owing formula^ 



20 



30 



35 



40 



■C • R 16 (O -d 



45 [in the formula. R' 15 k a hydrogen atom or an alkyl group having a carbon number of from 1 to 5. R is a rrvdrogen 
LCaphenylgrouporanalMgroupr^ingacan^ 

R' 15 , the definition being the same as that of R , wherein two groups selected from R 15 , R 16 a ^^" 'T?!?? 
gen atoms at the same lime]. Especially preferable groups among the above groups are those wherein R and R 
are each, same or different a hydrogen atom, a methyl group, an ethyl group or a propyl group and R * a methyl 

50 S^^^S'^ one equivalent of metallic cation can be enumerated are, for example, a cation of an alkali 
metal such as IHMum. sodium or potassium, 1/2 of a cation of an alkaline earth metal such as calcium or barium, or 1/3 
of a cation of a trivalent metal such as aluminum. 

[0077] The ammonium cation is e.g. a cation expressed by the following formula (l)-a 
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25 



35 



40 



+ ^ R 



[in the formula, R' 1 , R' 2 , R' 3 and R' 4 are each independently a hydrogen atom or a monovalent hydrocarbon group hav- 
ing a carbon number of from 1 to 30]. 
[0078] In the formula (l)-a, the monovalent hydrocarbon groups represented by the groups R' , etc., are preferably an 
alkyl group having a carbon number of from 1 to 20, an aryl group having a carbon number of from 6 to 10, an aralkyl 
is group having a carbon number of from 7 to 10, etc. 

[0079] The phosphonium cation is e.g. a cation expressed by the following formula (l)-b. 



R 5 
X R '6 



[in the formula, R* 5 , R* R' 7 and R* are each independently hydrogen atom or a monovalent hydrocarbon group having 
a carbon number of from 1 to 30], 5 
[0080] In the formula (Q-b, the monovalent hydrocarbon groups represented by the groups R' , etc., are e.g. the same 
30 as the monovalent hydrocarbon groups exemplrfied in the formula (l)-a. 

[0081] In the formula (I), the group X 1 is preferably a secondary or tertiary alkyl group having a carbon number of from 
3 to 30, an alkali metal cation, a cation expressed by the above formula (l)-a or a cation expressed by the above formula 
(I)* a!so in the above formula (I), m is an integer of 1 to 4, preferably 1 or 2. 

[0082] Concrete examples of the compound expressed by the above formula (I) are, 2-phenyl-2-propyl dodecylben- 
zenesulfonate 2-phenyl-2-butyl dodecylbenzenesulfonate, octylsulfonic acid tetrabutylphosphonium salt, decylsuHonic 
acid tetrabutyl phosphonium salt, benzenesulfonic acid tetrabutylphosphonium salt dodecylbenzenesulfonic acid tetra- 
ethylphosphonium salt dodecylbenzenesulfonic acid tetrabutylphosphonium salt, dodecylbenzenesulfonic acid tetra- 
hexylphosphonium salt, dodecylbenzenesulfonic acid tetraoctylphosphonium salt decylammonium butyl sulfate, 
decylammonium decyl sulfate, dodecylammonium methyl sulfate, dodecylammonium ethyl sulfate, dodecylmetnylam- 
monium methyl sulfate, dodecyldimethylammonium tetradecyl sulfate, tetradecyldimethylammonium methyl sulfate 
tetramethyiammonium hexyl sulfate, decyftrimethylammonium hexadecyl sulfate, tetrabutylammonium dodecylbenzyl 
sulfate, tetraethylammonium dodecylbenzyl sulfate and tetramethyiammonium dodecylbenzyl sulfate. 

natailftd ex planation of the sulfonic acid derivative of formula (II) 

[0083] 

+X 2 -A 2 -Y 1 -SCV CD 

[0084] In the formula, A 2 is a divalent hydrocarbon group having a carbon number of from 1 to 30, +X 2 is a secondary 
to quaternary ammonium cation or phosphonium cation, and the definition of Y 1 is the same as mentioned above. In 
the above formula (II), the divalent hydrocarbon group having a carbon number of from 1 to 30 represented by the group 
A 2 is preferably a divalent saturated aliphatic hydrocarbon group. A saturated aliphatic hydrocarbon group having a car- 
bon number of from 1 to 20 is more preferable. 

[0085] The group + X 2 is ammonium cation or phosphonium cation. The ammonium cation is preferably a cation 
expressed by the following formula (ll)-a 



50 



55 



9 



EP 0 985 696 A1 



R 9 



10 



R 10 — N + - CIO - a 

[in the formula, R' 9 , R' 10 and R' 11 are each independently a hydrogen atom or a monovalent hydrocarbon group having 
a carbon number of from 1 to 30]. 

[0086] Those which are the same as the groups exemplified in the above formula (t)-a can be used as examples of 
the monovalent hydrocarbon groups having a carbon number of from 1 to 30 represented by the groups R' , etc. 
[0087] The phosphonium cation is preferably a cation expressed by the following formula (ll)-b 

R \ 

((" _ p*_ CH) -b 



20 



25 



35 



[in the formula, R' 12 R' 13 and R' 14 are each independently a hydrogen atom or a monovalent hydrocarbon group having 
a carbon number of from 1 to 30]. Those which are the same as the groups exemplified in the above formula (l)-b can 
be used as examples of the monovalent hydrocarbon groups having a carbon number of from 1 to 30 represented by 
the groups R' 12 , etc. 

[0088] The following compounds are concrete examples of the compounds expressed by the above formula (II). 
'S0 3 {CH 2 )3-N + (CH 3 )3, 
■SOa^HaJa-N^CaHs)^ 

-S034CH2)3-P + (C4H9)3, 
*S0 3 {CH2)3-P + (C6H5)3. 

■SQj^CH^ir^Hsb. 

40 -S03<CH2) 15 -P + (C6H5)3. 

nptailftri explanation of the sulfonic aci d derivative of formula (110 

45 

[0089] 

A 3 -(X 3 ) n -(R-Y 1 -S0 3 ) n P") 

so [0090] In the formula, A 3 is an n-vatent hydrocarbon group having a carbon number of from 1 to 30, + X 3 is an ammo- 
nium cation or a phosphonium cation, R is a monovalent hydrocarbon group having a carbon number of from 1 to 30, n 
is an integer of 2 to 4; and the definition of Y 1 is the same as above. 

[0091] The n-valent hydrocarbon group having a carbonumber of from 1 to 30 and representing the group A is pref- 
erably e.g. an n-valent saturated aliphatic hydrocarbon group, an aromatic hydrocarbon group or a saturated aliphatic- 
55 aromatic hydrocarbon group. ... A 

[0092] Those described in the above formulas (ll)-a and (ll)-b can be used as examples of the ammonium cations and 
the phosphonium cations of the group + X 3 . 

[0093] The group R is a monovalent hydrocarbon group and its preferable examples are alkyl groups, aryl groups and 
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aralkyl goups. The preferable carbon number is 1 to 20 for the alkyl group. 6 to 20 for t^aryl group and 7 to 20 for the 
[SI Te term n is 2. 3 or 4. and the definition the group Y 1 is the same as above, i.e. a single bond or an oxygen 
IS] Foiling «>rnp<^^^ 

C CCH, > , »* - CCH, 1 W -N* (CH,),] • (CH, -@-SO, ' ) , 
( (CH, ) , N + - (CH, ) (CH, ) , ) • (C„H M -^-30, ' > , 

C CC, H, ) , H* - (CH, ) ,,-N* (C 4 H, ) , ] • (C.jHj^SO, * ) , 
( (CH, ) , N f - (CH, ) ,,-W* (CH,0 , J •' <C U H I| -SO < ' > , 
C (C, H, ) , V* - (CH, ) „-N + <C, H, > , J • (C ls K, r SO ( ) , 

[(C 4 B | ),P + -{CH t ), | -P* (C ( H S ),] • (CH,-@-S0 3 -), 
[(C, HjJjP*-^,)!,-?* *C,H,),] • (C t ,H 1s -^-SO,-), 
(CC, H $ ) 3 P> - (CH, ) ,,-P* (C, H s > 3 ] • (C.^-^SOj " ) , 
CCC. H i ) J P*-(CH t ) lfl -P- <C 5 H 5 ),] • (C^.-SO,-),- 



natpiiari ^»planation of tha sulfonic acid Hari^tiwo nt formula IN) 
[0096] 

aW-a^-a 5 )* (IV) 

roo97l In the formula, A 5 is a monovalent or divalent hydrocarbon group having a carbon number of from , i 1 to > 30 * 
^aLi hydrc^on group having a carbon number of from 1 to 3( ^ ar£ * « ^» ^ft^ 
45 anhydride group selected from the group consisting of -S0 2 -0-S0 2 -. -S0 2 -0-CO- and ^^^nSscle" 
S^iszVthegroup-t^ (inth,soase, 
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20 



25 



30 



45 



@-C0-0-Oj S-@-S0, -0-0C-/5) s 
@-»fl,-fl-0C C0.«-fl,5-§ , 

CH,#«O.-0-OC CO-O-0,S-@.CH, . 



C.jHjj-^V-SO, -0-OC C0-0-0 2 S-^CjjH,, 



(CHj CCHj)jSO z )jO 
(CH, tCH, ) , SO, ) , O 
c <Q>- S O j ) j O . 

(CHj -<0)- S O , ) ? O . 
< C .J H 1 S-<O>- S0 2 > ' ° 

CH,-C0 CH 3 _C0 \ 



@-S0/ . CB,-®-S0. 



0 

/ 



CH 



@ ' C0 > (§f > CK, ¥ £0 ) 



T00991 Among the sulfonic acid derivatives of the above formulas (I) to (IV), a phosphonium saJt-type or ammonium 
KeSSerivath^ 

aive the objective polymer by rapidly neutralizing the catalyst when added to the polyme 

Eensato o th SSL Uoddng treatment For example, the compound may be added to 

K mm ^ereadonformulatoformanarc^^^^ 
is, as stated before, expressed by 
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45 



ThePhOH (phenol) in the above formula is removed from the system by evacuation treatment etc., to form an aromatic 
polycarbonate expressed by the following formula. 

CH, f H 3 
Ph-O-C (O^C-^O-C^O^C^-OH 
J CH, 0 CH 3 

One terminal the polycarbonate molecule expressed by UMf^mmmo^^V^ 
WO KisalsoaZnfactthatatermina«^ 

KiSc^ 

Sl^nSL. His required that the ratio erf the termina^^ 
1} Control of mdarra«o of charged polymerization 

raw materials for the polymerization reaction is increased e.g. to a level between 1 .03 and 1 .1 0 tatong m con 

beK* below, at trending point of the polymerization reaction accord,ng to a method, e.g.. the method 
described in USP 5,696,222. 

by the addition of a compound expressed by the following formula (V) 
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"I 



(^j-O-C-I? 2 



(V) 



10 r «,« io r»i is a chlorine atom a melhoxycarbonyl group or an ethoxycarbonyl group, and R" 2 is an alkyl group 
5 o 1?C ! rnethc*ycarbon* ethoxycarbonyl, (o-methoxyc^nylphenyOocycarbony. 



COOCHj 

55 ^-OCO- 
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or (o-ethoxycarbonylphenyl)oxycarbonyl. 



COOC 2 H 5 

oco- 



10 



20 



[0115] Thearylgrouphavingacart»n™^^ 
?116] Thearytaxygro^ngac^ 

R" 2 , into carbonate compounds expressed by the following formula (V)-1 



30 



35 



40 



''I 



oV-o-c-o-r 21 (V) -i 



iv.ih.tem*! R" 1 is a chlorine atom amethoxycarbonylgrouporanethoxycarbonylgroup. R" 21 isanalkylgrouphav- 
I? SJi2« ?JS5r anTvlYroup having a carbon number of 6 to 30. wherein the alkyl group havmg 

airr^ 

nunta from 1 to 30] and carboxylic acid aryl esters expressed by the following formula (V>2 
R 



45 



50 



55 



t in,he fo rmu la .R"Msa*^ 
Uacarbon^mbe^^ 

^Sao im -have as a subsffluent methoxycarbonyl, ethoxycarbonyl. (cHT^rK>xycarbonylphenyl)oxycarbonyl. (o- 
atH sU nTrnqtavl phenyl carbonate. 2<hloropheny. ^phenyl carbonate, 2-chloropheny. 4 -ethylphe- 
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nyl carbonate. 2-chlorophenyl 4'-n-butylphenyl carbonate. 2-chlorophenyl 4--t*utylphenyl carbonat e 2- ^rophej 4 - 
ZSSS ^ carbonated 2-chlorophenyl 4'-cumy. carbonate, 2-chloropheny. ^** 2 ^- 
mShenyl carbonate. 2-chlorophenyl ^-ethoxyphenyl carbonate. 2-chlorophenyl 4 '^^ n ^^ 
SSnyl 4'-t*utoxyphenyl carbonate, 2-chlorophenyl 4'-nonyloxyphenyl carbonate. 2-chlorophenyl 4- -propyloxy- 

bSL 2™Worophenyl 2' ethoxycarbonylphenyi carbonate. 2-chlorophenyl ^-ethoxycarb^ylphenyl carbonate 2- 
She^ carbonate or 2-ch.oropheny. 2Mo-ethoxycarbor^phe- 

en^SSate. 2-chlorophenyl octy. carbonate. 2-ch.orophenyl i-propyl carbonate. 2-chloropheny^ ^2-methoxy- 
StaXT carbonate. 2 chlorophenyl 2-ethoxycarbony.ethy. carbonate or 2-ch.orophenyl *(o- 

S^XX^^^ 2-methoxycafcony.pheny, phenyl 

phermethylphenyl carbonate. 2-methoxycarbonylpheny. ethylphenyl carbonate. ^^^^^^ 
S Sate 2-methoxycarbonylphenyl n-butylpheny. carbonate, 2-meth oxycartonyfcheny ^ UuWwyl 
Sate 2-methoxycarbon/phenyl hexylphenyl carbonate. 2-methoxycarbonylphenyl nonylphenyl carbonate, 2- 
SOT^onyVph^yldalecJphenyl carbonate. 2-methoxycarbonylphenyl hexadecylphenyl carbonate. 2-mett,oxy- 
TS^**<^^<^* 2-methoxycarbonylpheny. di-H>utylphenyl carbonate 
S7SpherT«^nL. 2-methoxycarbonylphenyl cyclohexylphenyl carbonate. 2-methoxycarbonylphenyl 
SS^ronate. 2-methoxycarbonylpheny, biphenyi carbonate, ^^^Z^ 6 
bonate 2-meftoxycarbonyiphenyl 4'-methoxyphenyl carbonate. 2-methoxycarbonylphenyl 4^etho^enyl carbonate. 
SS^rttatf Tn-blxypheny. carbonate. 2-methoxycarbonyfcheny. 

meftSbonylphenyl Vnonyloxyphenyl carbonate, 2-methoxycarbonylphenyl 4'-cumyloxyphenyl carbonate d<2- 
mSSlphenyl) carbonate 2-methoxycarbonylphenyl 4'-methoxycarbonylphenyl carbonate. ^^rbo- 
SS^eKcXylpheny. carbonate. 2-methoxycarbony^henyl ^ethoxycarbonylphenyi carbonate 2-me h- 
^^Z^ ^^^^^^^^ Carb0nat6 ' ° r 2-methoxycarbony.phenyl Z.(o- 

phemJ eL carbonate. 2-methoxycarbonylphenyl n-butyl carbonate. 2-methoxycarbonylphenyl actyl cartona te 2- 
metKtoylpheny nony. carbonate. 2-methoxycarbonylpheny. cetyl carbonate. 2-me^c^^lpheny. lauryl 
^^tezJ^^^^ 2-methoxycarbonylethyl carbonate, 2-methoxycarbonylphenyl 2-ethoxycajbo- 
^^T^^Z^^ 2.(o-methoxycarbor^pheny.)ox y c a rbony.ethy. carbonate or 2-methoxy- 
carborrylphenyl2-(o-eth(Ky<arbonylpheny0oxycarbonylethyl carbonate; o . . Q . 

SLt^pnenyl aryl carbonates such as 2-ethoxycaxbonylphenyl phenyl carbonate, 
mSenyl carbonate. 2-ethoxycarbonyilhenyl ethylphenyl carbonate. 2-ethoxycarbonylphenyh P'^^^ 
ate iCcarbonylphenyl n-butylphenyl carbonate. 2-ethoxycarbonylphenyl t-butylphenyl carbonate. 2-^oxycarbo- 
^phe^TcylpZ. carbonate. 2-ethoxycarbony.pheny. nonylphenyl carbona * *«a*rt ***** 
dodecylphenyl cabonate. 2-ethoxycarbonylphenyl hexadecylphenyl carbonate. 2-ethoxycarborrylphenyl 
^T^bonlte Stfioxycarbonylphenyl di-t-butylphenyl carbonate. 2-ethoxycarbonylphenyl d.-t-butylphenyl carbonate, 

nyipSrnaphJSphVnyl carbonate. 2-ethoxycarbony.pheny. bpheny. carbonate. ^^f^^^* 
Z csLZe 2 ethoxycarbonylphenyl 4'-methoxyphenyl carbonate. 2-ethoxycarbonylphenyl 4-e*oxyphenyl 

2Xxycarbonylphenyl 4'™nyloxyphenyl carbonate. 2-ethoxycarbonylphenyl ^^^^^^^^ 
eSrSriVcarbonate. 2-ethoxycarbonylphenyl 4'-methoxycarbonylphenyl carbonate ^ 2-ethoxycarbonyl- 
S^^nytpheny. carbonate! 2-ethoxycarbony.pheny. Z'-^^^^c^^ 
carbonate or 2-ethoxycarbonylpherryl 24o-ethcxycarbonylpheriy0oxycarbonylr*enylc^ 
SScVtonvlphenyl alkyl carbonates such as 2-ethoxycarbonylphenyl methyl carbonate. 2-ethoxycarbonylphenyl 

, pheny^methoxycarbonylethyl carbonate. 2-ethoxycarbonylphenyl 2-ethoxycarbonylethy. carboy e. 2^ho^cajbo- 
Sr^^ carbonate or 2-ethoxy^rbonylphenJ Z o^toJ 

Soxycarbonylethyl carbonate. Among the above cempounds. 2-methoxycarbonylphenyl phenyl (arbonate e pref- 
SS^24ng of the terminal groups with phenyl groups grves excel.ent hydrolys* res-stance (heat reast- 

; ro^Sesolthecarbc^licacklarylesterse^^^ 

2 "loropheny. esters such as 2-ch.oropheny. benzoate. 2-ch.oropheny. 

zoate. 2^10^1 4-n-butylbenzoate, 2^htor<x 5 henyl 4-t-butylbenzoate. 2-chlcfophenyl 4-nonytbenzoate 2-chlo- 
rophenyl 4-cumylb^oate, 2<hlorophenyl naphthoate. 2«hlorophenyl 4-methoxybenzoate, 2«hlorophenyl 4- 
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10 



20 



25 



30 



ethoxybenzoate, 2-chlorophenyl 4-n-butoxybenzoate. 2-clorophenyl 4-t-butoxybenzoate. 2-chlorophenyl 4-nonyloxy- 
benzoate 2-chlorophenyl 4-cumytoxybenzoate, 2-chlorophenyl 2-methoxycarbonylbenzoate, 2-cNorophenyl 4-methox- 
ycarbonyibenzoate, 2-chlorophenyl 2-ethoxycarbonylbenzoate. 2-chlorophenyl 4-emoxy<^ny benzoate, 2- 
chlorophenyl 2-(o-methoxycarbonylpheny0oxycarbonylbenzoate or 2-chlorophenyl 2-(o-ethoxycarbonylphenyl)oxycar- 

StefoSrScylic acid 2-chlorophenyl esters such as 2-chlorophenyl acetate. 2-chlorophenyl propoxate. 2-chloroph- 
erryl valerate. 2-chlorophenyl pelargonate. 2-chlorophenyl 1-methylpropionate. 2-chlorophenyl 2-methoxycarbonylpro- 
pionate. 2-chlorophenyl 2-ethoxycarbonylbutyrate. 2-chlorophenyl 4M2-methoxycartonylphenyl)oxycarbonylbutyrate 
or 2-chlorophenyl 4H2H^nffl(ycarbonylphenyl)oxycajto 

aromatic carboxylic acid (2'-methoxycarbonylphenyl) esters such as (2-methoxycarbonylphenyl) benzoate. (2 -methox- 
ycarbonylphenyl) 4-methylbenzoate. (2'-methoxycarbonylphenyD 4-ethylbenzoate, (2-memoxycarrx)nylphenyl) 4-n- 
txrlylbenzoate. (2'-methoxycarbonylphenyl) 4-t-butylbenzoate. (^-methoxycarbonylphenyO naph^ e (2-methoxy- 
carbonylphenyl) 4-nonylbenzoate, (2'-methoxycarbonylphenyl) 4-cumylbenzoate, (2'-methoxycarbonylpheny04-meth- 
oxybenzoate. (^methoxycarbonylphenyl) 4-ethoxybenzoate. (^-methoxycarbonylphenyl) 4-n-butoxybenzoat* (2 - 
methoxycarbonylphenyD 4-t-butoxybenzoate, (Mmethoxycarbonylphenyl) 4-cumyloxybenzoate. 2 -methoxycaxtonyl- 
phenyl 2-methoxycarbonylbenzoate. (2-methoxycarbonylphenyl) 4-methoxy-carbonylbenzoate. (2-methoxycarbonyl- 
phenyl) 4-ethoxycarbonylbenzoate, (2'-methoxycarbonylphenyl 3-(o-methoxycarbonylphen^^^^ 
methoxycarbonylphenyO 4-(c-rnethoxycarb<)nylr J henyl)oxycarbonylbenzoate or (2'-methoxycarbonylpheny0 3-(o-ethox- 
ycaibonylphenyOoxycarbonylbenzoate;and 

aromatic carboxylic acid 2'-ethoxycarbonylphenyl esters such as 2-ethoxycarbonylphenyl benzoate (2 ■^oxycarbonyl- 
phenyO 4-methylbenzoate. (2'-ethoxycarbonylphenyl) 4-ethylbenzoate. (2^hc^can»nylpher^4-n^lbenzoate. 
(2'-ethoxycarbonylpheny) 4-t-butylbenzoate. (MethoxycarbonylphenyO naphthoate, (2^ethoxycanx)riylpherry04-non^ 
benzoate, (2'-ethoxycarborvlphenyl) 4-cumylbenzoate. (2-ethoxycarbonylphenyl) 4-methoxybenzoate. (2 f™*™^ 
onylphenyl) 4-ethoxybenzoate. (2'-ethoxycarbonylphenyl) 4-n-butoxybenzoate. (2-emoxycajbonylphenyQ 4-t- 
butoxybenzoate. (2'-ethoxycarbonylpheny0 4-nonyloxybenzoate. (2'-ethoxycarbonylphenyl) 4-cumyloxybenzoatM2 - 
ethoxycarbonylphenyl) 2-methoxycarbonylbenzoate. (2'-ethoxycarbonylphenyl) 4-ethoxycarbonylbenzoate. (2'^oxy- 
raShervl^Kc-methoxy^nylphe^ 

phenyl)oxycarbonylbenzoate or (2'-ethoxycarbonylphenyl) 3-(o-methoxycarbonylpheny0oxycarbonylbenzoate. 
[0121] Especially preferable compounds expressed by the formula (V) are 2-metr»xycarbonylphenyl benzoate (2 1 - 
rnethoxycarbonylphenyl) 4-cumylbenzoate. 2-ethoxycarbonylphenyl benzoate and (^-methoxycarbonylphenyO 4-(o- 
methoxvcarbonylrjhenyljoxycarbonylbenzoate. . 
[01221 In the process of the present invention, the compound expressed by the above formula (V) .s added to a poly- 
carbonate and made to react with the terminal OH (-OH) of the polycarbonate to block the terminal of the polycarbonate 
according to the following reaction formula 



35 



40 



-OH + <O^-0C-R* 2 



"I 

R 



*OCR 
II 
O 
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The reaction is preferably carried out together with distilling out of the produced 2-substituted phenol to quickly perform 
the terminal blocking reaction in high yield. . . 4ha 

[01 23] The compound expressed by the above formula (V) is added after the stage when the imr.ns.c Vl scos.tyof the 
polycarbonate produced by the melt polycondensation of an aromatic dihydroxy compound with d.phenyl carbonate 
reaches at least 0.3 dl/g. Since the terminal blocking of the polycarbonate proceeds rapidly after the addition, the intrin- 
sic viscosity variation of the polycarbonate during the addition is 0.1 dl/g or less based on the intrinsic viscosity •* the 
addition of the compound, and the terminal hydroxy group concentration can be suppressed to a level as low as 0 to 30 
mol% (the terminal hydroxy group concentration of 30 mol% corresponds to 80 ettf on wh^ 

S5^^ oHhe compound expressed by the above formula (V) is preferably 0.5 to 2 mol, more preferably 
0.7 to 1 .5 mol, especially preferably 0.8 to 1 .2 mol based on 1 equivalent of the terminal hydroxy group of the polycar- 
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raiMl' The terminal hydroxy group concentration d the pdymer is preferably measured and corfirmedea^ 
Sain™ Z wrrpound. When continuously performing the ^condensation reacbon under one the same 

A ^^Xerforming the above terrrfna. b.o*ng reacSo, and a cata.yst used in the 

S is cSS and the polymer is still in molten state. Accordingly, the timing of terminal btockmg reason should 

SMSSlaryr^We^ 



bonate. 



« roi291 in the present invention, various conventional additives can be added to the system at one or more of the 
E blre Snal Socking reaction, during the MocWng reaction and after the bloddng reartoo Jhe agente 
be S£ to the polymer are. for example, a thioether-type stabilizer, a hindered am.ne-type stebite an 
^Lufaw a salicvtic add-tvce ultraviolet absorber, a benzotriazole-type ultraviolet absorber, a mold-releas- 

20 inorganic wax filler, etc. 
Prttlrrtfrn ftf pnlvnarbonate 

rn«m The oroduction of a polymer by the Decondensation reaction of an aromatic dihydroxy compound with diphe- 
^caltx^ 

Se,y, the aromatfc dihydroxy compound is made to react** DPC as ^^^^ 
250-C oreferably 100 to 230»C. more preferably 120 to 190°C for 0.5 to 5 hours, preferably 1 to 4 jraurs more prefer 
2v ?5 to 3 tours under reduced pressure. The reaction of the aromatic dihydroxy compound wrth DPC » continued 
afiJr^ed Si tCS while increasing the vacuum degree of the reaction system rt^*** 

betow oSerably 1 Torr or below at 240 to 320-C. It is preferable in the above process to keep the pclymer 

fernp^ 
polymer. 



25 
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Mniarniar terminal of po lycarbonate 
rai32l intheoresentinventton therat^ 

tc >40 mol%from the viewpoint of reaction rate. The firalterminat hydroxy group rato can be con^led to a low level by 
SRTraSStermina.hydracygU 

50 ;ScT^toO?S .notJer^s.thete.minaJb.oc.ngagemshouW 

Slg^ 

fotTttuch chlorine content is undesirable as i, causes adverse influence on me color and stobility of the pro- 
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dU cedpo.ymer.Thech to rinecontent contained in the prepolymer can be suppressed to alow level, by suppres«ng the 
[0140] Ap^^^ 

Kr^conten, of the prepolymer can be M^^^^ffi^^^ 

LmLerialsto^^ 

The reaction is earn* lout ^ ^SSmaSi™^"^ 
[01431 The reaclon .s earned out usually at 250 v * „ a , ^ lower ^ the above 

S«c agent, '"^nt. antHc^ging agent natura^ 

[0148] According to the investigation performed by the inventors of the present 1 aa ^ 




(VI) 



///I ///J 



45 



50 



55 




foVo-c~x-{0) CVI) 
II 

. O 

[wherein IT* b a chlorine atom, methoxycafconyl or ethoxycarbonyl; X b an oxygen atom or a group of the following 



formula. 

-FT-COO- 
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[0152] The polymerization promoting agent added to a polycaruonate reaas wnn u e 
carbonate according to the following reaction formula 



£1 P 
2 <-~0H) + <5^-0C-X^) 



R R 



20 



25 



30 



to effect the coupling of two molecules ofthe P*"*^ 2 -substituted phenol to quickly 

pih^^^ 

eraWb^en0.41dl^ 

[01 J, .t shoukf be understood ^J^SSSX ^SSSXZw^ faring the 



Examples 

35 [0156] Thepreseminventiontedes^ 

KTCSEi Propel, etc. of the polymer in the following Examp.es were measured and evaluated by the 

following methods 
40 1) Intrinsic viscosity fo] 

[0158] Theintrinsic^wasmeasu^ 

2) Concentration of terminal hydroxy group 

hydroxy group concentration was calculated by the following formula. 

Terminal OH concentration(%) = (No. of terminal OH groups/number of total terminals) * 100 



50 

3) Stability of polymer 
a) Short term stability 

55 [0160, ^ M ™^-^^^*^* { ™* m andttiede9rada - 
tion of color of a polymer after heating the polymer in air at 340°C for 1 5 mmutes. 



20 



EP0 985 696 A1 

b) Long term stability 

[01611 The long term stability was evaluated from the decreasing ratio (ft) of fol (A WW* 100) . the degradation 
Scotorand the haze value ofapolymer after dermal aging the polymer at 150«C for 500 hours. 

5 

4) Heat stability on wetting of polymer 

[0162] The decreasing ratio (%) of fo] (MnVM^OO) was measured by holding a polymer in saturated steam 
atmosphere at 120°C for 100 hours. 5) Storage stability of polymer chips t At anHAh 

10 Si A Polymer was stored for 3 months in air* 30°C and the degradation of color was evaluated by AL and Ab 

values. 

6) Measurement of relative intensity of fluorescent light 

T5 [0164] TherelativeirrtensitywasmeasuredastheratioofthefluorescertligMintens^ 

Shtintensity of a standard substance at 465 nm (ex^towavelengm: 320 nm) measured under the foiling wrxl,- 
tions. 
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Measurement conditions: 


Instrument 


Hitachi F4500 




Lamp 


Xe, 150W 




Slit width 


Ex/Em 2.5 mm each 




Photomultiplier 


400W 




Sample (concentration) 


1mg-polymer/5 ml-methylene chloride 


Standard substance for comparison 


Phenyl salicylate 1 .OxIO 3 mg/ml-methylene chloride 



35 



45 
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7) Stability of melt viscosity 

roissi The melt viscosity was measured under nitrogen gas flow at a shearing rate of 1 rad/sec and 270°C for 30 
EL uSe Sowlalyzer of Rheometrics Co. to calculate the changing rate of the vjscosly per one 
Sfsfnc^ft v^r U sXhanges linearly after about 5 minutes after the melting at 270-C, the change of 

£SSm (V1-V2)x100/(V1x30)(%).whereinV1 ^^^f^^^Zl 
Serf the viscosity and V2 is the mett viscosity 30 minutes after the startng^nt- The value shou^ 
than 0.5% for a polycarbonate resin having good long-term stability. 

[Example] 

(Production of polymer for Examples 1 to 8 (A-1 to 8)) 

rmfifil A reactor provided with a stirring apparatus, a distillation column and an evacuation apparatus was charged 
MB SSSZ 5X5, a prescritXmount of DPC. prescribed amounts of prescribed kinds 
S^SlS^hylammortumr^^ 100 

SSSta. was subsJedwfthnfrogen and the content was ^*^ f 2~3*S2S- 

minutWheated to 180'C and made to react for 30 minutes under the .nner pressure of 100 mmHg, and the produced 
Then ^temperature 

decreased and the reaction was continued for 30 minutes under a pressure of 50 mmHg, distollmg out the produced 
STh^emwasfurther gradually u^mi^^^Ca^ZOmr^.mi^r^^cm^ 

ing the heating and evacuation of the system according to the procedures descnbed above to 240 C and 10 mmHg. 
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heeo the temperature at 255°C or below) while keeping the value of the shear rate at sbrmg (unri Msec) i of the stirnng 
Se TtTpolymerization vesse. divided by the square of the radius (unH: cm) of the MgMiM MM 
Scxcrn 2 ) sailing of a part of the polymer was conducted while the polymerization was preformed to determ ne 

5 polymerization degree described in the Tables 1 and 2 was reached (the intrinsic v.scosrty descnbed «n the column of 
initial properties of the Tables land 2). 

roi681 The intrinsic viscosity at the end of polycondensation (the intrinsic viscosity described .n the column of .nit.al 
p^trtiesoCwesI J 2 ) and the termini hydroxy concentration arestov^ together wH^ 

the following Tables 1 and 2. 

10 

[Comparative Examples] 

(Production of polymer for Comparative Examples 1 to 5(B-1 to 5)) 

, 5 [0169] A reactor provided with a stirring apparatus, a distillation column and ^^ cua ^°" 

with 228 parts by weight of BPA, a prescribed amount of DPC. prescribed amounts of prescnbed tends of tansesterrf - 
SonKarKlte^ 

S nwsphere was substihrted with nitrogen and the content was dissolved at 140'C. The content was sti rred for 30 

. ScTwaToSlled out Then the temperature in the reactor was rased to 200»C while the ^ 

SSreas^and the reaction was continued for 30 minutes under a pressure of 50 mmHg, distilling out the produced 

pSnTKtemwasfurther gradually ^^'^^^^^S^ZS 

Lfor 30 minutes under the abweterrperaturearxl pressured 

Z the heating and evacuation of the system according to the procedures descrfoed above to240'C and lOmmHg, and 

25 m 2 Rnall^rX^ensation of polycarbonate was continued at 280 to 285-C while keeping the «*. of the 
Crate SSt 1/sec) of the string blade of the polymerizatton vessel drvided by the square of *e r*.us 
U cm) of the sti Wade at 0.3 (1/secxcm*), sampling of a V«**^~™»Z^S^ 
zation was performed to determine the intrinsic viscosity and the term.nal hydroxy group «>ncertratio 
Sensation was continued until the intrinsic viscosity reached 0.4. The .ntnnsic viscosity a 1 the ^end of 

rrtnal hydroxy concentration are shown together with various conditions .n the following Tables 1 and 2. 
[Examples and Comparative Examples] 

(Terminal blocking reaction, catalyst deactivation: A1 to A8 and B1 to B5) 

[0171] A prescribed amount of SAMDPC (2-methoxycarbonylphenyl phenyl carbonate) was added to .the polycar- 
borate (polymers A1 to A8 and B1 to B5) at 250-C in a vacuum of 50 mmHg. Further, the reaction was continued for 
40 1 0 minutes at 250°C under a pressure of 1 mmHg or below. . M . 

WT^ereatter^ 

KertTa^ix«l anJstirred under the same ten^eratore ami pressure condition for 10 m,nutes to deacti^ 
catalyst 

45 (Addition of stabilizer: A1 to A8 and B1 to B5) 

[0173] The above polymers were incorporated with prescribed amounts of a stabilizer and a mold-releasing agent. 

^fou^^ 
so 1 and 2 together with various conditions. 
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Table 1 
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Q Wettest dtaiitty afpcfemr 
decreed AO>Xo>xiD0 



iwitttB^ DBS?, ckxkrylbemBresulte aod tetabuty^^ salt, SAMDPQ ^ 
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gtyoed imDnotorate, DBSP, (bdeq^BMenesulfanic add teU^lpWw^ salt, SAMDPQ 2- 



Claims 

1 . An aromatic polycarbonate having good color stability; characterized in that said polycarbonate has a main repeat- 
ing unit expressed by the following general formula (3) 



(3) 

-o' b-c- 



'< o o 



R 



or a direct bond.)- . . . 

(wherein R 1 and R 2 are each, same or different, a hydrogen atom, a halogen atom or a hydrocarbon group having 
a carbon number of from 1 to 12; the terms m and n are each, same or different, a number selected from zero and 
integers of from 1 to 4; in the group A, R 3 and R 4 are each, same or different a halogen atom or a monovalent 
hydrocarbon group having a carbon number of from 1 to 12; and R 5 is an alkylene group having a carbon number 
of from 3 to 8), the stability of melt viscosity of the polycarbonate is 0.5% or below, the terminal hydroxy group con- 
centration of the polycarbonate is 100 eo/ton or below and the fluorescence spectrum of the polycarbonate (the 
excitation wavelength of 320 nm) has a relative intensity of fluorescent light of 4.0x10 3 or below at 465 nm based 
on a standard substance. 

2. An aromatic polycarbonate according to the Claim 1 . wherein said polycarbonate is produced by reacting an aro- 
matic dihydroxy compound with a carbonic acid diester in the presence of a transesterification catalyst 

3. An aromatic polycarbonate according to the Claims 1 or 2. wherein said polycarbonate is formed by transesterif i- 
cation reaction and the amount of the transesterfication catalyst for the transesterification reaction per 1 mol of the 
aromatic dihydroxy compound is 1.0x10" 5 to 5.0x10" 4 chemical equivalent of basic nitrogen atom md* >»» 
phosphorus atom for a basic nitrogen compound and/or a basic phosphorus compound, and 5.0x10 to 5.0x10 
chemical equivalent of an alkali metal for an alkali metal compound. 
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An aromatic polycarbonate according to either one of the Claims 1 to 3. wherein said aromatic polycarbonate is 
deactivated by a catalyst deactivation agent. 

An aromatic polycarbonate according to the Claim 4. wherein the catalyst deactivation agent is at least one kind of 
(IV) 

A'-cy-scA w 

Iwherein A 1 is an m-valent hydrocarbon group having a carbon number of from 1 to 30 which may have a substtu- 
£ " is a Se boS or an oxygen atom; 5 is a monovalent secondary or tertiary hydrocarbon group having a 

Tnd m is an integer from 1 to 4 (where all of the m-valent groups are not 1 equivalent of metalhc caton at the 
same time when Y 1 is a single bond)), 

♦X^-Y'-SCV W 

[whereintfisadrvalerrthydr^^^ 

nary ammonium cation or a secondary to quaternary phosphoroum caton; and the def mrton of Y is the same as 
above], 

A 3 -( + xV(R-Y 1 -S0 3 -) n <"D 
fwherein A 3 is an n-valent hydrocarbon group having a carbon number of from 1 to 30; + X 3 is a secondary to qua- 
SffSTnu^dtcm ,s the same as above], 

and 

A 5 -Ad 1 -A 1 -(Ad^A 5 ^ < IV) 

[^ereinA 5 isamonovalent or divalent rrvdrocarb^group having a cart^ number of from Ito^ 
^SaZigrouph^ 

Se group seJed from the group consisting of .SO r O-SO r , -S0 2 -0-GO - . and J? 00 ^^^ J " " 1 
(wh«ethe group -(Ad 2 ^ is a hydrogen atom orabondbetween A'arKJA^whenkiszeroOnwhich A isadr^ 

lent hydrocarbon group or a single bond))]. 

6 Astabilizedaromafcpoly^^ 

polycarbonate is composed mainly of - 0-Ar(an aryloxy; Ar representing an aryl group) a£-AR -OH 
^ro^SLnting an aryl group) and the ra«o of said hydroxy group to the total molecular terminals is 
between 0 and 25 mor%. 

7 An aromatic polycarbonate according to either one of the Claims 1 to 6. wherein the aromatic polycarbonate has 

£l /l 



II 

0 



(wherein R" 1 is achieve atom, a methcxyca^^ R "| ' is ™ al ^ I 
L«!^nmi^«rffrQrnl to30 an alkoxygroup having a carbon nun*er of from 1 to 30. an aryl group having a 

having a carbon nurrtoer of from 1 to 30 and the alkoxy group having a carbon number of from 1 to 30 ma £»ve. 
2 a^uSsftuert methoxycarbonyl. ethoxycarbony). (c-n^xycart M nylphenyl)oxycait J onyl or (o-ethoxycarbonyl- 
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bon number of from 6 to 30 may have, as a substituent, methoxycarbonyl, ethoxycarbonyl (o- 
methoxycarbonylphenyDoxycarbonyl, (o-ethoxycarbonylphenyljoxycarbonyl, an alkyl group having a carbon 
number of from 1 to 30 or an alkoxy group having a carbon number of from 6 to 30)]. 
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